2 Background: Leprosy is an infectious disease caused by Mycobacterium leprae and Mycobacterium 3 lepromatosis affecting the skin and nerves. Despite decades of availability of adequate treatment, 4 transmission is unabated and routes of transmission are not completely understood. Notwithstanding 5 the general assumption that untreated M. leprae infected humans represent the major source of 6 transmission, scarce reports indicate that environmental specimens could play a role as a reservoir as 7 well. 8 Methodology: In order to identify patterns of bacterial transmission, this study investigated whether M. 9 leprae DNA is present in soil of regions where leprosy is endemic or areas with possible animal 10 reservoirs (armadillos and red squirrels). Soil samples were collected in Bangladesh, Suriname and the 11 British Isles. The presence of M. leprae DNA was determined by RLEP PCR and M. leprae SNP types 12 were further identified by Sanger sequencing of loci 1-3. 13 Results: M. leprae DNA was identified in soil samples from environments inhabited by leprosy 14 patients (Bangladesh), armadillos (Suriname) and the lepromatous Eurasian red squirrels (British Isles). 15
1 Introduction 2 Leprosy is a debilitating infectious disease caused by Mycobacterium leprae and Mycobacterium 3 lepromatosis that is still considered a major threat in developing countries by WHO, remaining 4 persistently endemic in regions in Africa, South America and Asia. Every year more than 200,000 new 5 patients are still diagnosed and this new case detection rate has been virtually stable over the last 6 decade(1). These facts indicate that multidrug therapy (MDT), although effective to treat leprosy, is 7 insufficient to prevent transmission (2) . 8 Granting M. leprae transmission is not completely understood, risk factors for development of leprosy 9 have been identified including close contact with untreated, multibacillary patients(3), human 10 susceptibility genes(4, 5), infection with soil transmitted helminths(6), as well as food shortage (7). 11 No studies exist that unequivocally demonstrate the mechanisms by which bacteria travel from one 12 organism to another. However, based on existing evidence, skin-to-skin contact, aerosols as well as 13 shedding of bacteria into the environment subsequently followed by infection of other individuals 14 remain the most obvious options for human leprosy(8) , (9) . Still these routes provide no explanation for 15 the occurrence of leprosy in individuals without known contact to leprosy patients or in areas without 16 any reported new cases (8, 10) . 17 Through PCR amplification of M. leprae DNA, its presence has been detected in environmental 18 samples such as soil (11, 12) and water(13) in areas inhabited by leprosy patients in Brazil and India. 19 The viability of M. leprae was assessed by its multiplication in footpads of wild type mice and showed 20 that M. leprae can remain alive in wet soil for 46 days (14) . Moreover, viability of M. leprae bacilli in 21 soil from India has been studied by 16S ribosomal RNA gene analysis(15). This study showed that 22 25% of the soil samples collected from patients' areas contained M. leprae 16S ribosomal RNA, 23 suggesting the presence of viable M. leprae in the soil. Additionally, M. leprae can survive within 24 environment-free living amoebic cysts up to 8 months(16). Recently, M. leprae and M. lepromatosis were identified in red squirrels from the British Isles causing 2 lepromatous disease in several animals (17, 18) . Phylogenetic analyses determined that the M. leprae 3 strain in squirrels (3I) was related to the lineage circulating in Medieval England, suggesting the red 4 squirrels as a contemporary reservoir of the bacilli. 5 Zoonotic transmission of M. leprae from armadillos has been detected in the southeastern United States 6 where wild armadillos and patients were infected with the same genotype (3I-2-v1) (19) . 7 Furthermore, although the prevalence of leprosy in nonhuman primates (NHP) seems to be quite low, 8 M. leprae infections have also been reported in NHP (20) carrying M. leprae strains closely related to the 9 human strains, suggesting that NHPs transmission can occur from human (or human sources like trash), 10 but also among NHPs(20).
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In this study, we aimed to explore whether soil could be a potential environmental reservoir of M. In Bangladesh, 4 out of 25 collected samples were positive for RLEP PCR (Fig 1, Table 2 ;
12 Supplementary Table 2 ), all of which were collected in houses of leprosy patients with high bacillary 13 load (BI) (Fig 2) . M. leprae DNA was not detected in the two soil samples from areas in Bangladesh 14 without any reported leprosy cases ( Supplementary Fig 1) . In Suriname, samples (n=28) were taken in three different locations inhabited by armadillos and M. 4 leprae DNA was detected in 3 samples obtained at former leprosy colonies in Batavia and Groot-5 Chatillon (Fig 1, Table 2 ; Supplementary Table 3 ). identified in soil using the above described procedure. were typed as SNP type 1 (Table 3) according to the polymorphism in locus 2 or loci 1-3 (01/22723/00, 5 Fig 3) . For the soil from Suriname the SNP type was narrowed down to either SNP type 1 or 2 since 6 only sequencing of locus 3 (Suriname 2, 3 and 6) and locus 1 (Suriname 6) were identified. For the 7 RLEP positive sample from Brownsea Island it was not possible to obtain sequence information for any 8 of the polymorphic loci to assign a SNP type. This was most likely due to the small amount of 9 M.leprae DNA in the samples. individuals to their close contacts (8, 9) . However, nonhuman animal and environmental sources have 20 also been suggested to play a role in the pathogen's dissemination(8). As paleopathological evidence of 21 leprosy in pre-Columbian America is lacking, leprosy was very likely introduced to the continent by 22 European colonists or the African slave route(23) also resulting in transmission to armadillos. 23 However, nowadays infected armadillos may even be responsible for new cases in human individuals 24 who have never had contact with leprosy patients nor travelled to leprosy endemic areas(10, 26). In Bangladesh, M. leprae was only found in soil collected in the houses of patients with high BI index 18 (Fig 2) . At those locations more bacteria are shed and thus the likelihood of encountering bacteria in 19 the soil is higher. However, a high BI index of the patient where the soil sample was collected was not 20 necessarily associated with a positive RLEP PCR result. The higher percentage of RLEP positive soil 21 in Bangladesh is likely due to a more targeted selection of the sample location in the houses of leprosy 22 patients as well as the higher leprosy prevalence. 23 In previous phylogeographic analysis SNP type 1 was identified as the predominant strain type in 24 South Asia (29, 30) and was likely introduced to South Asia from other parts of that continent(30). The 1 SNP type found in soil samples from Bangladesh (SNP type 1) is therefore in accordance with previous 2 phylogeographic data (29) . The funders had no role in study design, data collection and analysis, decision to publish, or 14 preparation of the manuscript.
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